
llu-Msrrarr1~ drsyl 

(Received 24 September 1957) 

WE WESB to record the syntheeis of sevwd 11 a-methyl-l 1 8_hydroxy steroid hormone 
by the addition of me- lx!ageau to the Cl1 position of ll-keto stwoids.lt$ 
a&ostan-3&01-11,17-dione (I)0 (m.p. 1691171”, [a]D -t 125”.” AI&. Found for CI,HmOI: 
c, 74.56; H, 898) with methyhMgneaium bromide in m &&ion at 25” gave, in addition 
to the expec&d 17a-methylandrostene-3/?,17&di01-11-0ne (m.p. 218-221”, [ah f OO), a 30 per mt 
yield of a more polar by-product (II) (m.p. M-166”, [a]D - 5”. Anal..Found for C!,,H&,: C, 75.32; 
H, 1@91) to which m assign the lla,tll7a-dimethylandrostan+3~,l1&17j3-triol structum, since it 
exhibited no carbonyl absozption in the infrared and differed from 17a-methyiandrostane-3/I,- 
11g,17/3-t&1.*+ Substitution of methyl&hhun in ether for methyhnagn&um bromide gave an 
80 per cent yield of the ssme 11,17&methyl compound. 

Pyridinium-chromate oxidation of (II) snxxMy led to the 3-keto compound, lla,l7a-dimethyl- 
andro&an+ll~,l7B_diol-3-one (III) (m.p. 2O2-205”, [a]D + 6”. Anul. Glcd. for CtlHI,OI: C, 
75.40; H, 10.24. Found C, 75.03; H, 10+8). 

Con&nation and extension of ll-methyl addition was provided by the reaction with methyl- 
lithium of mono-functional 1 l-keto compounds, such as pregnan-1 l-one* and &opqna~ll-one,~ 
which yielded kstollGprse products, re&tant to chromic acid oxidation, e.g. lla-methy&allopqnan- 
llj%ol (m.p. 112-113”, [a]D + 23”. Anul. Found for C,$&O: C, 83.17; H, 11.77; 0,4.89). 

Although a number of more complex moleadeu failed to react at C-11 with methyllithium, 
lla-metbyLll/3_hyd xytestostarone (Iv) wes readily derived by the following reection ssquenc@. 
Adrenosterone 3,17-b&q&ethylene ketal* was convwted to lla-methyl-3,17_dicyc&etbylenedioxy- 
A6-wlrosten-11&ol~(V) (m.p. 192-M”, [a]D - 94” (pyr.). Anal. Found for C,,H&,: C, 7090; 
H, 9.01) by reaction with methyllithium in ether-tetrahydrofuran solution. Hydrolysis of the ketal 
moietia of (V) in 70 per cent acetic acid gave lla-methyl-A*- andlwen-ll@-ol-3,17-dione (VI) 
(m.p. M-152”, [a]~ + 162”, j15::7243 m,u, log E 4.19. Anal. Found for CIOH1OO1l: C, 75.61; 

* Paper LXXXIX, A. Bowers, H. J. Ringold and R. I. Dorfman J. Amer. Ckem. Sot. 79,4556(1957). 
t Ruzicka et al. reported tho addition of motbylmagnesium iodide to tho triterpeno, 1 I-keto-/?-amyrin, 

but it should be noted that they were dealing with an a&unsaturated carbonyl function. 
$ The addition of methylmagn&un bromide to a steroidal C-l 1 carbonyl function was reported in the 

case of the ring A unsubstituted androstane-11,17-dione in a talk given at the Dallas Meeting of the 
American Chemical Society, April 1956, by Dr. John C. Babcock of Tho Upjohn Company. 

4 Prepared by sodium bismuthate cleavage of allopmgnane-3&17a,21-triol-ll,2O-dione. 
11 All molting points are uncorrazted and rotations worn dotermined at 20“ in chloroform. We am 

grateful to Mrs. E. Necoscbea. Miss G. Monroy and Miss J. Lisci for their valuable technical assistance and 
to Mr. E. Avila for determination of rotations and spectra. 

7 Carbanion addition would be expected to follow the stereochemical course of hydride attack and thus 

‘ela.rh&!?~~n~mp~$%d by the addition of methylmagnesium bromide to androstane+?,li~ 
diol-17-ono, molts at 247-251”. [a], + 12’. Anal. Found for C,,H,Os: C, 74.14; H. 10.52. While 
reduction of hindered ketones with methyl Grignard reagents has not been deacrib-ed nor would such 
reduction appear to be me&an&tic&y feasible, in contrast to tho corresponding othyl reagent, we dii not 
wish to diicount this possibility a priori. 

l L. Rudcka, G. Miiller snd H. Schellenberg HeIu. Cum. Acta 22,767 (1939). 
* P. Sondheimer, E. Batres and G. Rosenkmnz J. Org. C%em. 22.1090 (1957). 
* S. Bernstein, R. Littell and J. H. Williams J. Amer. C@m. Sot. 75, 1481 (1953). 
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H, 8.89) which was conwated to the Ustos&one analog (IV) (m.p. 255-256”. [dr]~ + 111”. Az 

244 q, bg84*18. A&. Found for C,,H&,: c, 7524; H, 962) by selective reductions with 
sodium borohydride in methanol at 0”. Alternately, reaction of the 3,17diom (VI) with pyrmMne 
in methanol gave the 3-enamme,‘ (1 I~~y~-3~-p~~~~Aa~‘~ll~-17~ 
0 (m.p. 249-250”, tab - 14p” (pyr.), A_. Bther 281 w, log I 4.35. Aa& Found for C&NO,: 

C, 77.87; H, 9.43; N, 3.85) which, after lithium aluminum hydride’reduction foIlowed by hydrolysis, 
gave authentic (IV). 

WeshenrsportatalaterdatsonfUrthar~~~onsinthisintsrasting~~,,aswalloon 
the dehydration products of lla-methyl-ll&hydroxy steroids. 
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4 J. K. Norymbemki and G. F. Woods J. Chem. Sot. 3426 (1955). 
I J. Johnson, M. Herr, J. Babcock, A. Fonken, J. StatTord and F. Hey1 J. Amer. Gem. Sot. 78,430 (1956). 
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Tus clinical importance of 19-nor steroids such as 19-nor-17~methyltMosterone, 1 19-nor-17a- 
eth&yJtestostemm (NorlutirQ1 and of the latter’s A~~lOUxner* is now well reqnimdt and these 
substances are ah prepared on an industrial scale by modified Birch mductions~ ofaromatic pm- 
cursors. The synthesis of the mom complicated 19-nor analogs of ll-oxygenated adrenal hormonw,4 
on the other hand, has been carried out only by adrenal incubation4 of 19norpqnema or by 
starting with ll-oxygenated aromatic precurso rs6 amenable to Birch reduction.* The much more 
attractive and direct route of attempting ll-oxygenation in the 19nor series by microbiological 
meaaPhassofaronlybeenaccomplishedwith19-n~~~andisthuaofnodirsctutility 
for the facile synthesis of M-nor cortkal hormones. 4 We should now like to report tbat 19-norpro- 
ge&rone(I)1reactsreadilywithavarietyofmicm-oqanisms andthatthewayisnowopentothe 
synthesis of a large number of Il-ovted-19-nor as well as ll-oxygenated aromatic analogs 
of stem&l hormones of the pregnane series. 

Incubation of (I) for 24 hr at 28” with Rhisopus n&ricuw (ATCC no. 6227b) in a medium 
containing peptone and corn molasses, fumished in ca. 70 

Eper 
cent yield 1 la-hydroxy-M-norpro- 

gesterone (II) (m.p. 171-173”, [a]D + 62” (CHt&),),s attz 242 n&u, logs4.22; Anal Found for 

l Paper XC. H. J. Ringold, E. Batms and J. A. Zderic Tetrahedrun. 2, 164 (1958). 
t New York Academy of sciences Conference on New Steroid Componn& with ProgestationeI Activiv, 

New York City, October 7-8, 1957. 
++ The lla-hydroxy assignment is also consistent with molecular rotation data: Ahf~ lla-hydroxy-1P 

norproS&erone-+l9-norprogesterone +245 as compared to Ahf~ lla-hydroxy-19-norte-stosterone+l9- 
nortestosterone i-284.‘ 

1 C. Djcrassi,.L. Miramontcs, G. Roseakranz and F. Sondheimer J. Amer. Chem. Sot. 76,4092 (1954); 
Abstracts, Milwaukee A.C.S. Meeting p. lSJ, April, 1952; U.S. patents 2.744.122 and 2.774,777. 

* F. B. Colton U.S. patent 2.725.389. 
s A. J. Birch Quart. Rev. Chem. Sot. Lo&. 4,69 (1950); J. Chem. Sot. 367 (1950). 
4 A, Zaffaroni, H. J. Ringold, 0. Rosenkranz, F. Sondheimer, G. H. Thomas and C. Djerassi J. Amer. 

Gem. Sot. 76,621O (1954). 
I B. J. Mageriein and J. A. Hogs J. Amer. Chem. Sot. 79,1508 (1957). 
a R. L. Podorson, J. A. Campbell, J. C. Babcock, S. H. Bppst.e& H. C. Murray, A. Waintraub, R. C. Meeka, 

P. D. Meister, L. hi. R&eke and D. H. Peterson 1. Amer. Chem. Sot. 7S, 1512 (1956). 
1 C. Djera& L. Miramontes and 0. Rosenkmna J. Amer. Chetn. Sot. 75,444O (1953). 
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C&&O,: C, 75.62; H, 8.87; 0, 15.21) wkib similar .tre&mmt of(I)witttci8&u&ilmtata 
(%I.) (asp. 2%217“, [G&J + 138” 

r4GQ; Anal. F’amd for C&,0,: C, 75.83; H, 8.81). Other 

for C&HIP,: C, 76.32; H, 8.31; 0, 15.32), thus demonstrating that both hydmxylation products 
arespimoreand~oxyeMationdidnotocnuatatartisryoarbonatom. Thoi&arcdqw#tmm 
of the common oxidatbn product (IV) rcqub that the newly introduced hydroxyl grolsp form 
partofa~-~~ringandthepoaitionofthcultraviolstakunptionmaximoof(n),~ 
andN,whichnrmainunchangpdinPllrali,aswellasthestabilityof@)and(IlL)towafilsallcali 
eliminate all positions except for C-11 and C12. Sitm mkmbiologkal oxidation of a steroid at 
C-12 has so far not been obwmed.* the orsacrnca of an oxygen atom at C-11 in 0, (nr) and (Iv) 
appeimtobeestablkhed. . 1 

I RtH2 

UR=<y 
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* A. We&@&in Eq&m#a 11,465 (1953); a. hd. ghull lhun. N.Y. Amd. Sd. II 19,147 (1956); S. H. 
FLpp~toin, P. D. M&te#, H. C. Morray and D. H. Momon 
Hew York, Acadmic Pmn (19M). 

F%umbm cad flormoma Vol. 14, p. 359 

’ H. R. bvy and P. Taida 
A.C.S. Miami &feet& (1 

I. Amer. Ckm. Sot. 79,265s (1957); ‘s. Kurhinrky Abstracts p. 36-i). 
9b 

lo C. Djsraesi, G. Rorsatrrnz I. Iriarte, J. Berlin and J. ROXEO J. Amer. Chem. Sot. 73, 1523 (19Sl). . 




